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ABSTRACT 



The diversity of infrared system performance 
prediction models currently used by different services 
conflict with the concept of 'joint operations' where all 
services must share the common resources to survive. In 
this respect this study presents an analysis and a 
comparison of two operational performance models, the U.S. 
Army's ACQUIRE and the infrared module of the Navy/Air 
Force Tactical Decision Aid (TDA) , WinEOTDA. Differences in 
the modeling of underlying physical principles, input 
parameters, and treatments are analyzed. A comparison of 
the predicted detection ranges is made using a data set 
collected in the Gulf of Oman as the meteorological input. 
Suggestions are sought for the modification of the codes 
that will lead to the same outputs. Finally the possibility 
of adopting one of the codes as a standard TDA is analyzed. 
For the same scenario inputs and with a user-defined sensor 
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I . INTRODUCTION 

Thermal imaging systems are often used for detection, 
recognition, and identification of targets from ground 
based or aerial platforms by the military. The availability 
of these performance predictions to a decision maker or an 
operator in advance or at the time of operation has vital 
importance for the timely deployment of weapon systems on 
the battlefield. A reliable prediction of performance in 
the target area is also very significant in the mission- 
planning phase of a tactical operation. Tactical Decision 
Aids ( TDAs ) , which can have various forms such as 
nomographs, manuals and computer codes, are tools currently 
used for these purposes to provide predicted detection and 
lock-on ranges to decision makers or operators. The 
performance predictions are currently available in the form 
of computer codes from either the Naval Research Laboratory 
(NRL) , the Air Force Research Laboratory (AFRL) , or the 
U.S. Army Night Vision and Electronic Systems Directorate 
(NVESD) . 

Current and future modern warfare, which utilizes high 
technology in every means to have the desired impact on the 
enemy, can be analyzed within the concept of joint 
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operations. As opposed to the old style battlefield where 
each service had its own opponent, today every service 
requires joint resources and joint support to survive. This 
requires a cooperative effort, which leads to the concept 
of joint operations. In this respect the existence of two 
different infrared system TDA programs currently used by 
the military conflicts with this idea. This work will seek 
a solution to this problem by comparing the infrared 
modules of the Navy/Air Force TDA, WinEOTDA Version 1.3.3 
dated 1998 and the Army FLIR TDA, ACQUIRE Version 1 dated 
1995, with respect to different means the programs use to 
model target, atmosphere and sensor. 

The objective of this thesis is to determine the 
differences in the modeling of underlying physical 
principles, in the input parameters, and in the predicted 
target detection ranges; provide suggestions for 
modification of the codes that will lead to equivalent 
outputs for the same inputs. Finally the possibility of 
using one of them as a standard TDA for all services will 
be examined. We will start Chapter II by presenting some 
fundamentals of infrared radiation theory. This will be 
followed by an analysis and comparison of the ways in which 
this theory is implemented by the two programs . Then the 
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analysis of the results will be presented in Chapter IV. 
Finally Chapter V will summarize and conclude this work. 
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II. THEORY AND BACKGROUND 



The purpose of this Chapter is to give a short summary 
of those basic principles of Infrared Radiation which are 
related to the topics addressed in this thesis. 

A. ELECTROMAGNETIC AND IR SPECTRUM 

The electromagnetic spectrum can be described in terms 
of propagating electromagnetic fields that are 
characterized by frequency and amplitude. The optical 
spectrum can be defined as that subset of the 
electromagnetic spectrum covering optical wavelengths . 
However there are no exact boundaries for the separation of 
these wavelengths . 

The optical spectrum covers the ultraviolet (UV) , 
visible, and infrared (IR) portions of the electromagnetic 
spectrum. Figure 2.1 shows the electromagnetic spectrum and 
identifies various sub-regions of the optical spectrum. It 
can be seen that the visible light spectrum bounds the 
infrared region on the short -wave length side and the 
microwave bounds it on the long-wavelength side. The 
ultraviolet portion ranges from about 0.1 to 0.38 
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micrometer while the visible portion is from approximately 
0.38 to 0.76 micrometer in wavelength. 
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Figure 2.1 - The Electromagnetic Spectrum "From [Ref. 6]". 



The infrared portion is further divided into four different 
sub-regions; the near infrared or short-wavelength infrared 
(SWIR) region (from 0.77 to 3 micrometer), the mid- 
wavelength infrared (MWIR) region (from 3 to 8 micrometer), 
the long-wavelength infrared (LWIR) region (from 8 to 14 
micrometer), and the far and extreme infrared regions (from 
14 to 1000 micrometer) respectively [Ref. 5]. 

Imagers operating in the infrared region of the 
electromagnetic spectrum sense the radiation emanating from 
the targets and the background scene. Unlike night vision 
devices working in the near infrared region, which sense 
the ambient radiation reflected from the targets and the 
background, thermal devices (e.g.. Forward Looking 
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Infrared, FLIR) basically take advantage of the thermal 



energy emitted by the objects in the infrared to detect the 
signatures . 

B. THERMAL RADIATION LAWS 

It is necessary to define some important parameters to 
clarify the basic laws of thermal radiation. The following 
definitions are taken from Seyrafi [Ref. 5]. 

• Absorptivity (a) : the ratio of the absorbed radiant 

power to the incident radiant power. 

• Reflectivity ip): the ratio of the reflected 

radiant power to the incident radiant power. 

• Transmissivity (T): the ratio of the transmitted 

radiant power to the incident radiant power. 

• Emissivity (8) : the ratio of the radiant power 

emitted per unit area from a surface to the radiance 
emitted per unit area from a blackbody. 

• Blackbody: defined as an ideal body or surface that 
absorbs all radiant energy incident upon it at any 
wavelength and at any angle of incidence, so that 
none of the radiant energy is reflected or 
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transmitted. Blackbodies also have emissivity equal 



to one (£=1) . 

• Gray body: a radiation source with an emissivity 

less than unity, and the emissivity is constant over 

- 

all wavelengths [Ref. 1]. 

Table 2.1 gives basic definitions of a few most 
commonly used radiometric quantities. 



Name 


Symbol 


Units 


Description 


Energy 


Q 


J 


Total radiant energy 
contained in a radiation 
field. ( Q ) 


Radiant 
Flux ( Power) 


o 


W 


Radiant power traversing 
a surface. ( dQ/dt ) 


Radiant flux 

Density 

(Exitance) 


M 


W -cm- 2 


Radiant flux leaving an 
infinitesimal area of 
surface divided by that 
area . ( dQ/dA ) 


Irradiance 


E 


W -cm' 2 


Radiant power per unit 
area incident on a 
surface . ( d$>/dA ) 


Radiant 

Intensity 


I 


3 

l 

Co 

i 


Radiant power leaving a 
Point Source per unit 
Solid Angle. ( d<&/dQ ) 


Radiance 


L 


W — sr 1 - cm 2 


Radiant power leaving or 
arriving at a surface at 
a point in a given 
direction per unit solid 
angle and per unit area 
projected normal to that 
direction. ( d 2 $>/dAcos(BQ ) 



Table 2.1 - Radiometric Units "After [Ref. 3]". 
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1. Planck's Law 



This law gives the spectral distribution of radiant 
emittance of a blackbody radiation source, and can be 
formulated as : 



where : 

M(/.,T) = the blackbody spectral radiant emittance at 
wavelength X (Watt/cm 2 |±m) 

Ci = 3.7418 X 10 4 Watt-|LLm 4 /cm 2 

C 2 = 1.4388 x 10 4 |Jm-Kelvin 

T = absolute temperature of the blackbody (K) 

X = wavelength (m) 

2. Wien's Displacement Law 

Wien's law is simply the derivative of Equation 2.1 
and gives the peak wavelength of the spectral emission for 
a given blackbody temperature by: 

A max 7 = 2897 (2 - 2) 

where : 

Xm ax = wavelength where the peak of radiation occurs 

(|tm) . 
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